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SUMMARY

(Nontechnical)

NOSET-A contains triethylene glycol dinitrate, an organic dinitrate de-

rived from nonvicinal diol, whereas the better known compounds, ethylene

glycol dinitrate and propylene glycol dinitrate, are derived from nitration of

vicinal diol. Both ethylene glycol dinitrate and propylene glycol dinitrate may

cause severe debilitating headaches, vasodilatation, hypotension, and met-

hemoglobin formation. In experimental animals, parenteral doses of NOSET-A

also cause hypotension and methemoglobinemia. Unlike the vicinal dinitrates,

NOSET-A causes emaciation and neurologic toxicity in chronically treated rab-

bits. Chronic exposure to vapor concentrations as low as 0. 5 ppm has caused

depression of a rhesus monkey's cued avoidance behavior.

In this experiment, one male rhesus monkey (Macaca mulatta) was ex-

posed to NOSET-A aerosol for 4 hours at a concentration of 2.4 ppm. Visual

evoked response and Sidman avoidance task (free operant avoidance) data were

collected after 2 hours and again after 4 hours of exposure. The visual evoked

response was not affected, but a significant increase in response rate on the

Sidman avoidance task occurred. These data indicate that NOSET-A has neuro-

behavioral effects of potentially serious consequence, and that further testing,

such as measurement of peripheral nerve conduction velocities and behavioral

tests requiring a high degree of sensorimotor integration, is necessary.
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INTRODUCTION

NOSET-A contains triethylene glycol dinitrate (TEGDN), an organic dini-

trate derived from nonvicinal diol, whereas the better known compounds, eth-

ylene glycol dinitrate and propylene glycol dinitrate, are derived from nitration

of vicinal diol. Like ethylene glycol dinitrate and propylene glycol dinitrate,

exposure to triethylene glycol dinitrate causes vasodilatation, hypotension, and

methemoglobin formation. 3-5 In addition, TEGDN causes emaciation and neu-

rologic toxicity in chronically treated rabbits. Acute NOSET-A intoxication

leads to death from the combined effects of respiratory depression, tremoring

and methemoglobinemia. 1 In a rhesus monkey, chronic exposure to NOSET-A

vapor concentrations as low as 0. 5 ppm caused depression of cued avoidance

behavior. *

The visual evoked response (VER) has been utilized in toxicology and

pharmacology to study the central nervous system effects of numerous chem-

icals including propylene glycol dinitrate, 1 0 ' 15 carbon monoxide, 8 ethanol, 9, 12

pentobarbital, 11 LSD and chlorpromazine, 2 and diazepam. 6 Because selected

VER criteria can be objectively quantified and statistically evaluated, the VER

was studied in the following NOSET-A experiment.

The natural VER variability due to change in level of arousal was min-

imized by having the monkey perform a shock avoidance task (Sidman) during

the period the electroencephalogram (EEG) was collected for VER analysis.

As a separate indicator of toxic effect, the Sidman avoidance task performance

was monitored for deviations from normal response rate, and to detect inca-

pacitation, should it occur.

• Curran, C. R., Young, R. W., Franz, C. G., Middleton, G. R. and
Jenkins, L. J., Jr. The effects of chronic inhalation of triethylene glycol
dinitrate on conditioned avoidance behavior (in preparation)
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METHODS

A 10-kg male rhesus monkey (Macaca mulatta) was exposed to NOSET-A

aerosol at 2.4 ppm on two occasions, 1 week apart.

The Rochester-type inhalation exposure chamber, approximately 2 m 3 in

volume, was modified for continuous use. 7 A strobe light source was located

outside the chamber and behind the monkey. The chamber windows were cov-

ered with white cardboard to eliminate visual distraction of the monkey and to

provide a diffuse reflective surface so that the light from the strobe would be

uniformly distributed throughout the chamber, thereby reducing VER variabil-

ity from changes in light intensity and direction of the animal's gaze. Air was

passed through a gas washing bottle containing NOSET-A, delivering an aerosol

into the chamber. To maintain aerosol concentrations at 2.4 ppm dilution, air

was passed thrl chamber at 0.5 to 1. 0 m 3 /min. The chamber atmos-

phere was ni omatographically. Chamber atmosphere samples were

drawn by c .tough a seven-part automatic switching valve into a cali-

brated sample loop and then to a chromatograph equipped with a 6 ft x 1/4 in.

(1.8 m x .6 cm) glass column containing 2.92 percent OV-17 on Anakrom Q

70/80 mesh. The system operated at a temperature of 110 0 C, using nitrogen at

70 ml/min and an electron capture detector at 150 0 C with a voltage of 20 V dc.

Long lines and switching valves were heated to prevent condensation. A second

method of analysis was to draw a known volume of the atmosphere through a

bubbler equipped with a coarse frit and containing ethyl alcohol as the absorbing

media. The sample was then read at 220 nm on a spectrophotometer (A= 1650).

Electroencephalogram (EEG), visual evoked response (VER) and Sidman

avoidance task data were collected for 1 hour before the NOSET-A aerosol was

introduced into the chamber (DO) and again after 2 hours (D2 ) and 4 hours (D4 )

of exposure to the aerosol. This provided three 1-hour data periods. Control

data were obtained the day before the exposure experiment.
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The EEG was recorded from a single bipolar temporo-occipital lead.

Electrodes were chronically implanted stainless screws machined to a "T"

shape. They were implanted so that the top of the "T"s rested on the dura

mater, and the bases were wired to an electrical plug affixed to the skull with

dental acrylic.

The strobe flashed at a rate of 1/sec throughout the 1-hour data collec-

tion periods, and was off between periods. The EEG was amplified 1. 2 x 104

times, band-pass filtered at 0. 8 Hz to 90 Hz, and analyzed by a special pur-

pose computer for visual evoked responses. Each individual VER was a com-

posite of 100 samples, and there were 12 to 18 VERs collected during each

data period. The filtered electroencephalogram was also recorded on paper

for visual analysis.

Nonparametric Friedman and Wilcoxon statistical analysis was utilized. 1 4

To be considered statistically significant (1) the Friedman test had to show a

significant variation among the six blocks of data (D0 , D2 , D4 ) from the control

day and day of exposure, and (2) the Wilcoxon test between data blocks had to

be significant in two directions, the exposure data had to vary significantly

from the control data of that day (e. g., D0 -D 2 , exposure day), and the exposure

data had to vary significantly from its paired control block of the preceding day

(e. g., D2 control-D 2 exposure).

Three wave form amplitudes of the VER were analyzed (designated A, B,

and C waves). The A wave was positive at the occiput, had a latency of about

50 msec, and was measured base line to highest peak. The B wave was nega-

tive, had a latency of about 75 msec, and was measured peak to valley. The

C wave was positive, had a latency of 100-200 msec, and was measured valley

to highest peak (Figure 1).

Each 1-hour data period consisted of three 15-minute Sidman avoidance

sessions (SD), with a 5-minute rest period (S ) between sessions. Visual

evoked responses were collected only during Sidman avoidance sessions. The

monkey could avoid a 0. 2-sec shock indefinitely as long as the interval between

7
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Figure 1. Visual evoked response from epidural bipolar temporo-

occipital lead, occipital electrode positive

responses did not exceed 10 sec (response-shock interval 10 sec, shock-shock

interval 1 sec). A cue light next to the response lever remained on continu-

ously throughout the Sidman avoidance session. Sidman data were evaluated

by one way analyses of variance. The control data (D0 , D 2 , D4 control day,

Do exposure day) were first examined for homogeneity, then grouped and com-

pared to the exposure data (D2 , D4 exposure day).

RESULTS AND DISCUSSION

Exposure to 2.4 ppm NOSET-A aerosol for 2 to 4 hours caused no sig-

nificant changes in electroencephalogram or any component of the visual evoked

response, but the rate of Sidman avoidance responding was significantly in-

creased (Figure 2). If NOSET-A had a diffuse effect throughout the brain at this

concentration, the EEG or VER should have been affected. However, if the

locus of action was specific, the effect might be missed by assessing only the

visual system and the temporal and occipital cortex. It can be inferred, then,

that the change in Sidman avoidance rate was not due to a diffuse change in the
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central nervous system, but perhaps to a peripheral nervous s3stem effect or

to a psychologic change due to sensory detection of the aerosol.

In the Sidman avoidance task no exteroceptive stimulus warns the monkey

of impending shock. When the shock occurs, it is so brief that the animal does

not terminate the shock but rather postpones the next shock by pressing the

lever. The motivating drive state appears to be anxiety, and the monkey

CONTROL DAY EXPOSURE DAY

1000 27 FEB 28 FEBF -NO TEGDN
800- TEGDN

600 - .. r

400-- p<01I

200 -

0J 
XO--: -0:. .I X
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1000 -- 5 MAR 6 MAR
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400 - P .1

200
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Figure 2. Sidman avoidance score. Each bar is total lever presses in 15-

minute session, three sessions per 1-hour data block.
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presses the lever to reduce the level of anxiety. 13 NOSET-A may increase

the Sidman response rate by causing a centrally mediated change in anxiety

level that is ameliorated by faster responding. Alternately, the anxiety level

may have been increased by noxious effects of the aerosol such as eye or res-

piratory irritation, headache, or by other undefinable symptoms that may dis-

tress monkeys. This anxiety hypothesis is considerably weakened by the ob-

servation that NOSET-A had no effect on the VER, and anxiety and numerous

other psychologic events are known to affect VERs. 1 6

Andersen and Mehl I felt that NOSET-A has an effect on the peripheral

nervous system, since it causes tremors in rats rather than tonoclonic con-

vulsions, and a phrenic nerve-diaphragm preparation showed selective inhi-

bition of the phrenic nerve but not the diaphragm. Intact rats were also hyper-

reactive to auditory and tactile stimuli.

The dose of NOSET-A causing gross motor tremor in rats is an order of

magnitude greater than that causing the altered Sidman rate in the rhesus mon-

key. However, a subtle peripheral nervous system effect, coupled with hyper-

reactivity to sensory stimuli, would explain why task performance could change

without significant changes occurring in the electroencephalogram and visual

evoked response.

The results of this experiment tend to corroborate rather than refute the

observations of Andersen and Mehl1 and Curran et al. ,* that NOSET-A has

neurobehavioral effects of potentially serious consequence. The future focus

of research might profitably include electrophysiological studies of peripheral

nerve conduction and behavioral tests requiring a high degree of sensorimotor

integration.

* See footnote page 5
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